Objective. Cross-sectional associations between childhood school segregation and adult sense of control and physical performance have been established in the African American Health (AAH) cohort. Here we extend that work by estimating the association between childhood school segregation and 2-year changes in adult sense of control.
U
SINg cross-sectional data from the nine-year followup interviews conducted in 2010 with surviving participants in the African American Health (AAH) cohort, we previously reported independent associations involving childhood school segregation with adult sense of control and physical performance (Wolinsky et al., 2012) . Simply put, AAH cohort participants who had obtained the majority of their primary and secondary educations in segregated schools reported higher scores (d = 0.22; p < .01) on an established sense of control measure (Mirowsky & Ross, 1991) , indicating greater claiming and less denying of control over the good and bad things that happened in their lives. They also performed better than their counterparts (all p < .01) on six physical performance measures including systolic blood pressure, grip strength, peak expiratory flow, chair stands, balance tests, and the multidimensional Short Portable Performance Battery (guralnik et al., 1994) . Furthermore, all of these associations held even after adjustment for a substantial number of theoretically identified covariates. What our prior report did not do, however, was to examine the association between childhood school segregation and changes in the sense of control.
The purpose of this Brief Report, therefore, is to examine the association between childhood school segregation and intraindividual changes in adult sense of control between 2008 and 2010 among AAH cohort participants. During this period, the economic downturn brought about by the great Recession hit St. Louis especially hard, with the unemployment rate rising from 5.3% to 9.8% (a loss of 71,100 jobs), at the same time that the Consumer Price Index rose by 5.2% (from 193.2 to 203.2; Bureau of Labor Statistics, 2013) . This facilitates, in part, an assessment of whether any beneficial association found between childhood school segregation and changes in the sense of control reflects (a) protection against the traditionally observed age-related declines in the sense of control (Mirowsky, 1997; Mirowsky & Ross, 2003; Wolinsky, Wyrwich, Babu, Kroenke, & Tierney, 2003) , (b) personal effects associated with the economic downturn, or (c) their interaction.
Our study builds on the substantial works of Allport (1954) , Buck (2010) , Ferraro and colleagues (Ferraro & Shippee, 2009; Schafer, Ferraro, & Mustillo, 2011) , Kraus, Piff, Mendoza-Denton, Rheinschmidt, & Keltner (2012) , and Pettigrew (1971 Pettigrew ( , 1975 Pettigrew ( , 1998 . Buck (2010) provocatively argued that desegregation undermined a traditional anchor of the African American community-the Black community school. Ferraro and colleagues' (Ferraro & Shippee, 2009; Schafer et al., 2011 ) enhancement of cumulative advantagedisadvantage theory clarified that social systems (like education) may lead to childhood advantages (or disadvantages) and that these accumulate and are manifested over the life course. Allport's (1954) contact hypothesis for optimizing intergroup relations to achieving successful integration, which identified four necessary conditions for its success (i.e., "equal group status within the situation, common goals, intergroup cooperation, and authority support"), was reflected in the Federal approach to desegregation. As Pettigrew (1971 Pettigrew ( , 1975 Pettigrew ( , 1998 has noted, however, school desegregation in the United States did not meet any of the conditions necessary for the contact hypothesis to work. Kraus and coworkers' (2012) insightful social cognitive theory further elaborates the underlying process by which school desegregation might have created enduring differences in the worldviews (i.e., sense of control) between those attending desegregated versus segregated schooling. Simply put, Black children attending desegregated schools faced diminished educational resources and increased discrimination based on their racial status, which led to a greater focus on and acceptance of external, uncontrollable forces in their lives, leading to lower sense of control levels and their negative implications for childhood and adult health.
Based on Buck's (2010) work, we hypothesized that AAH participants who received the majority of their primary and secondary education in segregated schools would fare better in terms of intraindividual changes in their sense of control scores between 2008 and 2010 than their counterparts who always attended integrated schools. given the findings from our prior cross-sectional study (Wolinsky et al., 2012) , we further hypothesized that those having received some but not a majority of their primary and secondary schooling in segregated schools would experience intraindividual changes in their sense of control scores similar to their counterparts who always attended integrated schools. Finally, we hypothesized that the beneficial associations between intraindividual changes in the sense of control with receiving the majority of one's primary and secondary education in segregated schools would neither be mediated nor moderated by personal effects potentially arising from the economic downturn. That is, we assumed that underlying etiology of the expected beneficial association would reflect protection against the traditionally observed age-related declines in the sense of control (Mirowsky, 1997; Mirowsky & Ross, 2003; Wolinsky et al., 2003) .
Method

Sample
The multistage, probability-based AAH cohort has been described elsewhere in considerable detail (Miller, Wolinsky Participants (N = 998) were 49-65 at baseline (2000) (2001) , lived in a poor inner-city area of St. Louis, Missouri, or its near northwest suburbs, identified themselves as Black or African American, and passed a standard cognitive screen (Folstein, Folstein, & McHugh, 1995) . The baseline response rate was 76%. Reinterviews were conducted at 1, 2, 3, 4, 7, and 9 years after baseline, with an annual retention rate among those surviving of 95% and a 9-year retention rate of 65% among survivors (at 9 years, 163 participants were known to have died). Although these baseline, annual, and 9-year response and retention rates are substantially higher than those reported for the National Survey of Black Americans/National Panel Survey of Black Americans (NSBA/NPSBA) of 67%, 84%, and 39.1% (Jackson, Caldwell, & Sellers, 2012) , high response rates do not necessarily translate into the absence of nonresponse bias (Davern, 2013; groves, 2006; groves & Peytcheva, 2008; Halbesleben & Whitman, 2013) . Therefore, sampling weights were developed for the AAH cohort that adjusted for the sampling design as well as for baseline nonresponse based on age, sex, and geographic strata comparisons to the 2000 U.S. Census. Because this Brief Report uses data from the 2010 reinterviews (unless otherwise noted), we then used propensity score reweighting methods to adjust the original sampling weights for potential selection bias due to postbaseline attrition (D'Agostino, 1998; Wolinsky et al., 2012) . These approaches to nonresponse and attrition bias are consistent with current recommendations (Halbesleben & Whitman, 2013) as well as calls for future improvements in addressing nonresponse (Davern, 2013) .
Sense of Control
The sense of control was measured in both the 2008 and 2010 follow-up interviews using Mirowsky and Ross's well-regarded eight-item scale that balances claiming versus denying control statements for good and for bad events, cancels the agreement bias that commonly exists when using Likert-scaled items, and improves the validity of the sense of control measure (Mirowsky, 1997; Mirowsky & Ross, 1991 , 1996 Wolinsky et al., 2003 Wolinsky et al., , 2004 . Four statements ("I am responsible for my own successes," "I can do just about anything I really set my mind to," "my misfortunes are the result of mistakes I have made," and "I am responsible for my failures") reflect claiming control over both good and bad outcomes and are coded −2, −1, 0, 1, and 2 for strongly disagree, disagree, don't know, agree, and strongly agree. Four statements ("the really good things that happen to me are mostly luck," "there's no sense planning a lot-if something good is going to happen, it will," "most of my problems are due to bad breaks," and "I have little control over the bad things that happen to me") reflect denying control over both good and bad outcomes and are reverse coded. Raw scale scores range from maximally denying (−16) to maximally claiming control (+16). We used Blom rank transformations (1,958) to normalize the distributions of the raw sense of control scales. This resulted in means of zero and standard deviations of one, and it also made the regression coefficients for the effects of the dummy variables for childhood school segregation (see Childhood School Segregation) on changes in the sense of control equivalent to standardized effect sizes (Cohen's d; Cohen, 1992) .
Childhood School Segregation
Childhood school segregation was measured at the 2004 follow-up interview by asking participants "Did you attend any racially segregated schools during the first through twelfth grades?" AAH participants answering in the affirmative were then asked about the particular grades that they had attended in segregated schools. This approach is quite comparable to that used in the Baltimore Study of Black Aging (Whitfield & Wiggins, 2003) . We normalized the number of segregated years of formal primary and secondary school education to the number of primary and secondary grades completed (as reported at baseline). Based on the distribution of this fraction of primary and secondary educational attainment occurring in segregated schools, we created dummy variables for less than half or for half or more versus no segregated schooling (Wolinsky et al., 2012) .
Economic Downturn and Major Stressful Events
To determine whether personal effects potentially associated the great Recession or any other major stressful events occurring between 2008 and 2010 might mediate or moderate any beneficial association between attending segregated schools for most of one's primary and secondary education and changes in the sense of control, we included two indicators. The first was whether changes in subjective income levels occurred. In both 2008 and 2010, we asked participants whether their household income left them feeling comfortable, having just enough to get by, or not having enough to get by. An indicator reflecting any worsening of subjective income over the period was constructed. The second measure was based on participants' 2010 responses to whether they had experienced a major life stressor since their 2008 interview, such as changes in their financial situation, being victimized, the death or serious illness in a family member or close friend, or personal illness or injury. An indicator reflecting having experienced any major life stressor over the period was constructed.
Covariates
Covariates were identified from extant reports and conceptual models in the literature (Krause & Shaw, 2003; Mirowsky, 1997; Mirowsky & Ross, 1996 Shaw & Krause, 2001; Wolinsky et al., 2003) . The identified covariates were categorized as demographic factors, socioeconomic status, self-rated health, racial attitudes and beliefs, and religiosity. The demographic factors included age, sex, marital status, and the State in which the majority of the AAH cohort participants' primary and secondary educations were received. Age was measured in years. Sex was coded as a binary contrast for men versus women. Marital status was measured as a set of three dummy variables contrasting divorced and separated, widowed, or never married versus married (the reference group). Schooling location (as reported in 2004) was measured as a set of two dummy variables contrasting Southern States or other States versus Missouri (the reference State).
Socioeconomic status included education, employment, and income. Baseline educational attainment was trichotomized as primary school, secondary school, or some college. Employment was measured as a set of two dummy variables contrasting retired or disabled versus working for pay (the reference group). Household income was measured as a binary contrast for less than $25,000 versus higher incomes. Self-rated health was measured using the standard question of how the respondents rated their health, with five categories-poor, fair, good, very good, and excellent.
Racial attitudes and beliefs were measured by thinking about one's race, responsibility for the African American community, perceived discrimination, and resilience. The amount of time spent thinking about one's race was measured as a binary contrast for constantly versus less than constantly. Being responsible for helping the African American community move forward was measured using four likert-scaled responses ranging from strongly disagree to strongly agree. Perceived discrimination was measured using Williams, Yu, Jackson, & Anderson's (1997) scale reflecting how often in their daily lives nine types of discrimination were encountered. Resilience was measured using the 10-item version (Campbell-Sills & Stein, 2007) of the Connor-Davidson resilience scale. Finally, religiosity at baseline was measured using a five-item scale adapted from the Fetzer-National Institute on Aging Working group (1999). This scale reflected the frequency of private prayer, Bible reading, how religious one felt, spirituality, and the importance of religion.
Analysis
The association of childhood school desegregation with changes in the sense of control between the 2008 and 2010 follow-up interviews was assessed using multivariable linear regression analysis. To focus on the three hypotheses, three models were estimated. The first predicted the sense of control in 2010 using the sense of control in 2008, the two dummy variables from 2004 for childhood school segregation, and the traditional covariates. This provides an estimate of the association between childhood school segregation and 2-year changes in the sense of control, net of the traditional covariates. The second model adds the two indicators for (a) whether there was a change in subjective income assessments between 2008 and 2010 and (b) whether a major stressful life event was experienced during that period. This provides an estimate of whether any observed association between childhood school segregation and changes in the sense of control was mediated by changes in subjective income or the occurrence of major stressors during the period. The third model adds the interaction terms for each of the two indicators introduced in the second model with receiving half or more of one's primary and secondary education from segregated schools, and provides an estimate for any moderation effects involving these factors.
Results
Descriptive
Nearly 41% of the participants in the AAH cohort obtained the majority of their primary and secondary educations in segregated schools, about 9% received some of their education in segregated schools, and about 50% received all of their education in integrated schools. Between 2008 and 2010, 24% reported a decline in their subjective income, whereas about 50% reported experiencing a major life stressor. For the interaction terms, 8% reported declines in subjective income and attended segregated schools for the majority of their primary and secondary educations, whereas 22% reported experiencing a major life stressor and attended segregated schools for the majority of their primary and secondary educations.
Among the traditional covariates, the average age was 66, and 43% were men. In terms of marital status, 45% were married, 28% were divorced or separated, 19% were widowed, and 9% had never been married. Two thirds received the bulk of their education in Missouri, whereas 29% received it in the South and 5% received it elsewhere. About half (49%) had gone to high school with nearly as many (45%) having gone on to college. One third were working for pay, 53% were retired, and 14% were disabled. Household income was reported to be less than $25,000 by 42%. Eight percent reported being in poor health, 29% reported being in fair health, and only 23% reported being in very good or excellent health. Constantly thinking about their race was reported by 37%. The vast majority (79%) either agreed or strongly agreed with the statement that they were responsible for taking the African American community forward. The average score on the perceived discrimination scale was about 16, indicative of rarely having been treated unfairly. The average score on the resilience scale was about 40, indicative of substantial resilience. Finally, the average score on the religiosity scale was about 13, indicative of frequent religious activities.
Regression
Unstandardized (b) coefficients obtained from the multivariable linear regression of the three models are shown in Table 1 . The first model, which explained 32.9% of the variance, predicted the sense of control in 2010 by the sense of control in 2008, the two dummy variables from 2004 for segregated childhood schooling, and the traditional covariates. The net (adjusted) association (Cohen's d) of having received the majority of one's primary and secondary education in segregated schools with 2-year changes in the sense of control was 0.171 (p = .035). Exposure to less segregated primary and secondary schooling did not have a significant effect. The only traditional covariates with significant regression coefficients were those for being retired, disabled, and self-rated health, indicating that the sense of control declined for the retired, disabled, and those with lower self-rated health.
When the indicators of having experienced a major life stressor and reporting a decline in subjective income between 2008 and 2010 were added in the second model, neither had a significant effect nor altered the association between having received the majority of one's primary and secondary education in segregated schools and 2-year changes in the sense of control (d = 0.179; p = .029), nor improved overall model fit (explained variance = 33.2%). Similarly, in the third model, which added the interaction terms involving the indicators of having experienced a major life stressor or reporting a decline in subjective income between 2008 and 2010 with having received the majority of one's primary and secondary education in segregated schools, neither interaction term was significant, and there was no improvement in overall model fit (explained variance = 33.4%). Although the association between having received the majority of one's primary and secondary education in segregated schools with 2-year changes in adult sense of control rose modestly (d = 0.230; p = 0.05), the increase in multicollinearity was excessive (the tolerance statistic declined from 0.862 in the second model to 0.366 in the third model), and thus, model two is preferred.
Discussion
In this Brief Report, we used data from the surviving AAH participants who completed both their seven-and nine-year follow-up interviews. With these data, we examined the association between childhood school segregation self-reported in 2004 and changes in the sense of control between 2008 and 2010. We hypothesized that (a) those who received the majority of their primary and secondary education in segregated schools would fare better than those who always attended integrated schools, (b) those who received an minority of their primary and secondary education in segregated schools would fare the same as those who always attending integrated schools, and (c) the association with segregated schooling would neither be mediated nor be moderated by declines in subjective income and/or the experience of major life stressors during the same period.
Our study has several strengths worth noting. First, it was theoretically motivated by Buck's (2010) provocative discussion of the unintended consequences of desegregation and informed by the works of Allport (1954) , Ferraro and colleagues (Ferraro & Shippee, 2009; Schafer et al., 2011) , Kraus and coworkers (2012 ), and Pettigrew (1971 , 1975 . Second, the AAH cohort was particularly well suited for this purpose because its participants were 3-19 years old when the 1954 Brown v Board of Education U.S. Supreme Court ruling put an end to de jure school segregation. Indeed, about 41% of the AAH participants received the majority of their primary and secondary educations in segregated schools, whereas about 50% received all of their primary and secondary educations in integrated schools. Third, we used a well-regarded sense of control measure at both time points (Mirowsky, 1997; Mirowsky & Ross, 1991 , 1996 Wolinsky et al., 2003 Wolinsky et al., , 2004 . Fourth, we included two indicators reflecting personal effects potentially associated with the great Recession, or any other major stressful events occurring between 2008 and 2010, that might mediate or moderate any beneficial association between segregated schooling and changes in the sense of control. Finally, drawing on the extant literature (Krause & Shaw, 2003; Mirowsky, 1997; Mirowsky & Ross, 1996 Shaw & Krause, 2001; Wolinsky et al., 2003) , we identified and included a rich set of covariates to use in the statistical adjustment process.
What we found is important. Receiving the majority of one's primary and secondary education in segregated schools was significantly and positively associated (d = 0.179; p = .029) with 2-year changes in adult sense of control after adjustment for all covariates, whereas having less exposure to segregated schools was not. Moreover, this association was neither mediated nor moderated by declining subjective income or experiencing major life stressors during the same period. Thus, all three of our hypotheses were supported. The presumed, but untested etiologic pathway is that those receiving the majority of their primary and secondary educations in segregated schools were protected, in part, from age-related declines.
Our results have important implications for social science and public policy. In terms of the former, they add to growing social science and epidemiologic evidence that childhood experiences can and do have enduring and possibly large effects, even into later life. This is consistent with classic studies on the defining positive effects experienced, for example, by children of the great depression (Elder, 1974, 1998) and by members of the greatest generation (Brokaw, 2001) . Furthermore, it is fully consonant with the theoretical underpinnings in the recently enhanced cumulative advantage-disadvantage theory (Ferraro & Shippee, 2009; Schafer et al., 2011) . In this case, however, it was the unintended negative consequences of school desegregation that have continued to endure across the life course (Buck, 2010) . In terms of public policy, school desegregation was the first in a series of federal actions and policies intended to better integrate African Americans into society by providing equal access to quality education. After all, quality education has long been viewed as the traditional springboard for achieving the American dream. Although the rationale for these policies was consistent with the logic of Allport's (1954) contact hypothesis, the implementation of school desegregation did not bring about the desired equality in part because none of the prerequisites necessary for the contact hypothesis to work were in place (Pettigrew, 1971 (Pettigrew, , 1975 (Pettigrew, , 1998 . This interpretation is fully consonant with Kraus and coworker's (2012) recent social cognitive theory. Ultimately, the failure to effectively implement school desegregation, at least for the AAH cohort, may be encapsulated by paraphrasing Senator goldwater's remarks when he voted against the Civil Rights Act of 1964 (PL 88-352), "you can't legislate integration."
We conclude this Brief Report by noting its main limitations. First, the baseline response (76%) and subsequent retention rates (95% annually among survivors) were less than 100%. Although the baseline sampling weights included adjustments for potential nonresponse bias and the propensity score method reweighting of those sampling weights to adjust for potential attrition bias reflect current recommendations (Davern, 2013; Halbesleben & Whitman, 2013) , they cannot account for unobserved factors that might have led to bias. Second, segregated schooling was measured using retrospective self-reports that could not be objectively verified. Further, those reports do not differentiate between de jure and de facto segregation. These limitations, however, bias the results toward the null and suggest that any observed associations are likely to have been underestimated. Third, the timing of our measurements was suboptimal. School segregation was measured in 2004, and the sense of control was measured in 2008 and 2010, which is fully appropriate. Several of the covariates, however, were ascertained in 2010 rather than in 2008. Although the two indicators for changes between 2008 and 2010 in subjective income and the occurrence of major life stressors during that period mitigate this concern, they do not eliminate it. Moreover, there is always the potential that an unobserved confounder might explain or moderate the observed association. Finally, there is the issue of the geographic generalizability of these findings beyond St. Louis, Missouri, and the extent to which they may be time bound to the AAH cohort (born in 1936-1950) . Therefore, further research on desegregation consequences from other communities and regions and from other birth cohorts at different life stages is needed and should be encouraged.
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